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We previously reported that expression of CD43/leukosialin induces cell rounding and microvillus formation via inhi-
bition of cell adhesion. Here, we found that CD34, a cell surface sialomucin and marker for hematopoietic progenitor cells,
also inhibited cell adhesion and induced cell rounding and microvillus formation. Forced expression of CD34-induced
cell rounding, microvillus formation, and phosphorylation of ezrin/radixin/moesin (ERM) proteins in HEK293T cells, while
inhibiting integrin-mediated cell re-attachment. Furthermore, CD34+ blood cells and KG-1 cells, which express endoge-
nous CD34 on their surface, were spherical in shape, surrounded by microvilli, and non-adherent to substrata. In addition,
cleavage of O-sialomucin augmented integrin-mediated cell adhesion of KG-1 cells. These results suggest the involve-
ment of CD34 in the inhibition of integrin-mediated cell adhesion and formation of the cell surface structure. The inhibi-
tory function of CD34 in cell adhesion may affect cell shape organization via phosphorylation of ERM proteins. Cellular
structures such as the spherical shape and microvilli of CD34+ cells may also contribute to regulation of cell adhesion.

Introduction

During studies of leukocyte sialomucin family members, we
previously found that exogenous expression of CD43 induces
cell rounding, microvillus formation, augments phosphorylation
of ezrin/radixin/moesin (ERM) proteins, and inhibits integrin-
mediated re-attachment of HEK293T cells.! CD43, also called
leukosialin/sialophorin, belongs to the sialomucin family and
is considered to be a potent inhibitory molecule of cell adhe-
sion.>? The highly O-glycosylated extracellular domain of CD43
is largely responsible for this phenomena. However, cleavage of
the O-glycosylated extracellular domain of CD43 only partially
reverses the inhibition of cell re-adhesion by CD43, suggesting
there is another regulatory mechanism involving CD43.

In addition to CD43, other cell surface sialomucins are
expressed in leukocytes. One of these sialomucins, CD34 shows
restricted expression in a small population of bone marrow
cells as well as endothelial cells.*> The CD34+ cell population
in bone marrow can fully reconstitute the hematopoietic sys-
tem.®” Although CD34+ bone marrow cells are considered as
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hematopoietic progenitor cells (HPCs) rather than hematopoi-
etic stem cells (HSCs) in adult mice,® improved hematopoietic
engraftment has been clinically achieved using sorted CD34+
human progenitor cells.”’” Thus, CD34 is a widely accepted
marker for HPCs and HSCs.%7?

Despite its significance as a marker, the molecular functions
of CD34 have not been fully revealed. Because ¢d34-null mice
survive and have all hematopoietic lineage cells,'™! CD34 does
not appear to be essential for the development of hematopoietic
cells. However, c434-null embryonic stem cells and cells from the
hematopoietic organs of ¢434-null mice exhibit a lower colony-
forming ability than that of cells from wild-type mice.”* This
observation suggests the involvement of CD34 in the prolifera-
tion, differentiation, maturation, and/or adhesion of HPCs and
HSCs. Furthermore, previous reports have demonstrated the
involvement of CD34 in regulation of cell adhesion and mobili-
zation. Bone marrow mast cells from ¢#34-null mice show higher
homotypic adhesion than those from wild-type mice,' indicating
an anti-adhesive function of CD34. Interestingly, c434-null cells
exhibit a significant defect in the contribution to peritoneal mast
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Figure 1. Cell rounding by CD34 in HEK293T cells. (A) Phase contrast
images of HEK293T cells transfected with empty vector (HEK293T cells)
or a CD34 expression vector (CD34-HEK293T cells). CD34-HEK293T cells
were rounded and detached from the substrata (b), whereas HEK293T
cells were flat (a) at 40 h after transfection. Scale bar: 100 um. (B)
Fluorescence images of HEK293T cells at 2 d after transfection of a GFP
expression vector (a) or a GFP expression vector plus a CD34 expression
vector (b). Scale bar: 100 wm. (C) Ratio of round cells among GFP+ cells
shown in (B).

cells and reconstitution of bone marrow in competitive recon-
stitution assays.'? These results suggest that the anti-adhesive
function of CD34 is involved in the migration of mobilization of
HSCs and HPC:s or in fixation to the niche. On the other hand,
ectopically expressed human CD34 increases murine hemopoi-
etic cell adhesion to human bone marrow stromal cells,”® suggest-
ing that human CD34 functions in cell adhesion.

Structurally, CD34 is a single-pass type-I transmembrane
glycoprotein.*>' Although the human ¢d34 gene encodes mul-
tiple open reading frames generated by alternative splicing,
each CD34 isoform consists of an N-terminal mucin domain
followed by a globular domain and stalk, single-pass trans-
membrane region, and cytoplasmic tail. The mucin domain of
CD34 is highly O-glycosylated,*'* and these O-glycans with
many hydroxyl and carboxyl groups confer an extreme hydro-
philicity and negative charge on the CD34 molecule. Such
structural characteristics indicate potential functions of CD34
in the interactions with extracellular molecules or in the inhibi-
tion of these interactions.

We were interested in CD34 because (1) CD34 is a sialomu-
cin, (2) CD34 appears to be involved in the regulation of cell
adhesion, (3) CD34 localizes at the microvillus structure of
endothelial cells,” and (4 podocalyxin, a CD34-related mol-
ecule, is a potent inducer of microvillus formation.>'®" In this
study, we found that ectopic expression of human CD34 induces
cell rounding, microvillus formation, phosphorylation of ERM
proteins, and inhibition of integrin-mediated re-attachment of
HEK293T cells. Because these characteristics are observed in
human cells that express endogenous CD34, we believe that
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CD34 functions in the formation and/or maintenance of cellular
structure, and in the regulation of cell adhesion.

Results

Cell rounding by CD34 in HEK293T cells.

Previously, we found that ectopic expression of CD43 induces
cell rounding, microvillus formation, and phosphorylation of
ERM proteins, and inhibits integrin-dependent re-attachment
of HEK293T cells.! Because CD43 is a cell surface sialomu-
cin expressed in leukocytes, we performed similar analyses of
another blood cell sialomucin, CD34. Endogenous CD34 is not
expressed in HEK293T cells. HEK293T cells transfected with a
CD34 expression vector (CD34-HEK293T) became round and
detached from the substrata (Fig. 1A, b), whereas transfectants
of mock vector (Vector-HEK293T) were flat and spread (Fig. 1A,
a). Despite rounding and detachment, CD34-HEK293T cells
were not dead or apoptotic, because these cells were not stained
with trypan blue or contained fragmented nuclei (data not
shown). To clarify the comparison, a green fluorescent protein
(GFP) expression vector was co-transfected with the mock vector
or CD34 expression vector into HEK293T cells. Compared with
GFP expression alone, co-expression with CD34 clearly altered
the shape of HEK293T cells to spherical (Fig. 1B). The ratio of
round cells was about 99% among CD34 transfectants, whereas
only 2% was observed among mock transfectants (Fig. 1C).

Microvillus formation by CD34 in HEK293T cells.

We further studied localization of CD34 by expression of
GFP fused to the C-terminal of CD34 (CD34-GFP). At low
magnification, CD34-GFP was detected mostly at the cell sur-
face and as a dot-like structure in the cytoplasm, presumably an
intracellular transport system such as the Golgi apparatus (Fig.
2A, a). At high magnification, CD34-GFP was detected as pro-
trusions from cell bodies (Fig. 2A, b). Immunohistochemical
analysis with an anti-CD34 antibody and phalloidin also demon-
strated long protrusions with filamentous actin from the surface
of CD34-HEK293T cells (Fig. 2B). Because ezrin, one of ERM
proteins, has been detected in such protrusions, the protrusions
may be microvilli."®"

To ascertain augmentation of these protrusions by CD34, we
examined Vector-HEK293T and CD34-HEK293T cells by elec-
tron microscopy. Many long protrusions from CD34-HEK293T
cell bodies were observed by scanning electron microscopy
(SEM) (Fig. 2C, b) and ultrathin section electron microscopy
(Fig. 2C, d), whereas a few short protrusions were observed in
Vector-HEK293T cells (Fig. 2C, a and c). Parallel fibers of fila-
mentous actin were observed within the protrusions by ultrathin
section electron microscopy (Fig. 2C, e and f, arrows), confirm-
ing these protrusions as microvilli. We also observed that the gly-
cocalyx on the microvillar surface was thick in CD34-HEK293T
cells, whereas it was thin in Vector transfectants (Fig. 2C, f and
e, arrowheads).

To confirm augmentation of microvilli by CD34, we digi-
talized the number and length of cell surface protrusions
from HEK293T transfectants by a method described previ-
ously.! In brief, mCherry with the myristoylation site of ¢-Src
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(Myr-mCherry) or CD34-mCherry was expressed in HEK293T
cells. Cell surface protrusions were then detected by mCherry
fluorescence. Fluorescence images were captured at middle
phases, but not at attachment phases, of transfectants to measure
the number and length of microvilli. As summarized in Table 1,
the number of microvillus protrusions per cell was 22 + 11 (mean
+ SD) for CD34-mCherry-HEK293T cells and 9 + 8 for Myr-
mCherry-HEK293T cells. The length of protrusions was 2.5 +
1.3 pm for CD34-mCherry-HEK293T cells and 1.0 + 0.8 pm
for Myr-mCherry-HEK293T cells. These data indicated that the
microvillus protrusions of HEK293T cells were augmented by
CD34.

As a potential biochemical mechanism that leads to both cell
rounding and microvillus formation, we previously found phos-
phorylation of ERM proteins in CD43-HEK293T cells.! Because
phosphorylation of the C-terminal Thr residue is the activating
mechanism for ERM proteins,'®?° we investigated phosphoryla-
tion of ERM proteins in CD34-HEK293T cells. Immunoblotting
with an anti-phosphorylated-ERM (p-ERM) antibody showed
an increase of p-ERM by CD34 expression (Fig. 2D). Moreover,
significant immunostaining of p-ERM was detected mostly at
the microvillus protrusions of CD34-HEK293T cells (Fig. 2E).
p-ERM was hardly detected in non-transfectant HEK293T
cells (data not shown). Thus, phosphorylation of ERM proteins
is augmented by CD34, and may be involved in the cell shape
alterations observed in CD34-HEK293T cells.

Inhibition of integrin-mediated cell re-attachment by
CD34.

When CD34 was expressed, HEK293T cells became spherical
in shape, formed microvilli, and showed augmented phosphory-
lation of ERM proteins. We previously reported similar phenom-
ena by expression of CD43/leukosialin, an inhibitory molecule
of cell adhesion, and also showed that detachment of HEK293T
cells by trypsin augments phosphorylation of ERM proteins.!
These findings suggest that CD34 is an anti-adhesion molecule.
To test the effect of CD34 on cell adhesion, we studied the effect
of CD34 on integrin-mediated re-attachment of HEK293T cells.
GFP or CD34-GFP were transiently expressed in a4-HEK293T
cells that stably express a4 integrin.! In addition, tissue culture
plates were coated with GST or a fusion protein of GST and
fibronectin CS-1 peptide (GST-CS-1), a ligand of a4f1 integrin.
The cells were detached by pipetting, incubated on the CS-1-
coated substrata, and then evaluated for re-attachment. After
incubation followed by washing, GFP-a4-HEK293T cells were
mostly bound and spread (Fig. 3A, a), whereas CD34-GFP-a4-
HEK293T cells were hardly attached to the CS-1-coated substrata
(Fig. 3A, b). The numbers of bound fluorescent cells are shown
in Figure 3B. The number of CD34-GFP transfectants bound
to the CS-1-coated substrata was much lower than that of GFP
transfectants. Flow cytometry showed that the expression level
of CD34-GFP in unbound cells (Fig. 3C, continuous line) was
higher than that in bound cells (dashed line), further suggesting
that high expression of CD34-GFP inhibited integrin-mediated
cell adhesion. Moreover, the GFP levels in unbound and bound
GFP-HEK293T cells were indistinguishable. Thus, CD34 sig-

nificantly inhibits 041 integrin-mediated cell re-attachment.
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Figure 2. Formation of microvilli-like protrusions in CD34-HEK293T
cells. (A) Subcellular localization of CD34-GFP in HEK293T cells. Im-
ages of HEK293T cells transfected with a CD34-GFP expression vector
(CD34GFP-HEK293T cells) were captured at low magnification on a cul-
ture dish (a) or at high magnification on a glass coverslip (b). Scale bars:
100 wm (a) and 10 wm (b). (B) Subcellular localization of CD34 in CD34-
HEK293T cells. CD34-HEK293T cells were double stained with anti-CD34
(a) or anti-Ezrin (d) antibodies and phalloidin (b and e). Staining was
co-localized in microvilli-like protrusions from CD34-HEK293T cells.
Merged images (c and f). Scale bars: 10 wm. (C) Electron microscopy

of HEK293T transfectants. Scanning electron micrograph of Vector-
HEK293T (a) and CD34-HEK293T (b) cells. Ultrathin section electron
micrograph of Vector-HEK293T (c) and CD34-HEK293T (d) cells. Magni-
fied images of microvilli-like protrusions from Vector-HEK293T (e) and
CD34-HEK293T (f) cells. Arrowheads indicate lipid bilayer membranes.
Arrows indicate actin filaments. Scale bars: 5 um (a and b) and 500 nm
(c=f). (D) Immunoblot analysis of ERM proteins in CD34-HEK293T cells.
Alterations of ERM phosphorylation was detected by immunoblotting.
(E) Immunofluorescence with an anti-p-ERM antibody. p-ERM proteins
were observed at microvilli-like protrusions from CD34-HEK293T cells

(b). Scale bars: 10 wm.

Table 1. Table of the length and number of microvilli

CD34-mCherry
22+ M 9+8
25+13 1.0+0.8

Myr-mCherry
Number of villi (per cell)

Length of microvilli (m)

Identification of microvilli in CD34+ blood cells and the
acute myelogenous leukemic cell line, KG-1.

Because ectopic expression of CD34 induced various cellu-
lar phenomena in HEK293T cells, we examined cells express-
ing endogenous CD34. CD34 is a marker for HPCs and HSCs.
Therefore, we investigated CD34+ blood cells from bone mar-
row and cord blood. Using SEM, we observed microvillus protru-
sions at the surface of both types of CD34+ blood cells (Fig. 4A).
Immunofluorescence further revealed protrusions with filamen-
tous actin outgrown from the cell bodies (Fig. 4B, b and ¢) and
co-localization of CD34 at these protrusions and the cell surface
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Figure 3. Inhibition of integrin-mediated cell adhesion by CD34. (A)
Effect of CD34 on integrin-mediated re-attachment of a4-HEK293T
cells. a4-HEK293T cells were transfected with a GFP expression vector
(GFP-04-HEK293T cells) or a CD34-GFP expression vector (CD34-GFP-
a4-HEK293T cells). Cells were harvested, re-plated, and incubated in
GST-CS1-coated wells, and then washed with medium. Adherent cells
were evaluated by fluorescence microscopy. Scale bar: 200 wm. (B)
Comparison of the number of bound cells. The average numbers of
adherent cells with even weak fluorescence was calculated from three
experiments. The histogram indicates the average numbers of adherent
fluorescent cells on the coated surface. GFP-a4-HEK293T cells, CD34-
GFP-a4-HEK293T cells, GST, and GST-CS1 are indicated as G, 34G, GST,
and CS1, respectively. (C) Flow cytometric analysis of GFP in bound and
unbound cells. The fluorescent intensity of GFP and CD34-GFP in cells
bound (dashed line) or unbound (continuous line) to the GST-CS-1-coat-
ed substrata is shown. Cells prior to the binding assay are indicated by
the shaded areas. The expression level of CD34-GFP in unbound CD34-
GFP-a4-HEK293T cells in GST-CS1-coated wells was higher than that in
bound cells.

Cord blood Bone marrow

Figure 4. Microvilli in human CD34+ HPCs. (A) SEM of a CD34+ bone
marrow cell (@) and CD34+ cord blood cell (b). Scale bars: 2 pum. (B)
Immunofluorescence of a CD34+ bone marrow cell (a-c) and a CD34+
cord blood cell (d-f). CD34+ cells were double stained with an anti-
CD34 antibody (a and d) and phalloidin (b and e). Merged images (c and
f). Scale bars: 5 wm.
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(Fig. 4B, a, ¢, d, and f). Thus, CD34+ primary blood cells possess
microvilli on their surface, and CD34 is localized at these micro-
villi and the surface of spherical cells.

For a more precise analysis of the surface morphology of
CD34+ cells, we investigated the surface structure of KG-1 cells
by electron microscopy. KG-1 is an acute myelogenous leukemia
(AML) cell line that abundantly expresses endogenous CD34.*!
As demonstrated by SEM (Fig. 5A, a), a KG-1 cell was spherical
in shape and surrounded by microvilli-like protrusions. In ultra-
thin section electron microscopy, parallel fibers of filamentous
actin were observed in these protrusions (Fig. 5A, b, arrow), indi-
cating that the protrusions were indeed microvilli.

Immunofluorescence with an anti-CD34 antibody showed
localization of CD34 on the protrusions from the cell surface
(Fig. 5B, a), and co-localization of CD34 with filamentous actin
(Fig. 5B, b and ¢). Co-localization of ezrin with filamentous
actin at the protrusions further demonstrated the protrusions
from KG-1 cells as microvilli (Fig. 5B, d-f). These data were
consistent with the data obtained in CD34-HEK293T cells. We
also observed B1 integrin (Fig. 5B, g—i) and a4 integrin (data
not shown) at the protrusions. However, unlike immunostaining
with anti-CD34 and anti-ERM antibodies or phalloidin, which
showed homogenous staining of protrusions, immunostaining
with anti-integrin antibodies showed a patchy staining pattern
on the cell surface protrusions.

Augmented integrin-mediated KG-1 cell adhesion by
O-sialoglycosylpeptide endopeptidase treatment.

KG-1 and CD34+ blood cells are non-adherent in culture
with a spherical shape and microvilli. These characteristics sug-
gest the involvement of CD34 in the inhibition of cell adhesion
of these cells. Therefore, we tried to elucidate regulatory function
of CD34 in cell adhesion of KG-1 cells. Because a4f1 integrin
was observed on the surface of KG-1 cells, we investigated a 431
integrin-mediated adhesion of KG-1 cells. As shown in Figure
6A, KG-1 cell adhesion to a GST-CSl1-coated plate was mar-
ginally augmented compared with that to a GST-coated plate.
However, pre-treatment of KG-1 cells with O-sialoglycoprotein
endopeptidase (OSGEPase) largely augmented GST-CSI-
dependent KG-1 cell adhesion. OSGEPase treatment sig-
nificantly reduced the OSGEPase-sensitive class II epitope of
CD34 (QBEnd10), while not affecting the OSGEPase-resistant
class III epitope (581) (Fig. 6B). Thus, OSGEPase cleaves the
O-sialoglycosylated N-terminal portion of the CD34 extracel-
lular region.?? Since other sialomucins can be also cleaved by
OSGEPase, target molecule of OSGEPase in KG-1 cells is not
limited to CD34. However, CD34 is cleaved by OSGEPase and
abundantly expressed in KG-1 cells. Thus, the N-terminal mucin
domain of CD34 can be involved in the inhibition of integrin-
mediated adhesion of KG-1 cells.

At the same time, however, only some of the OSGEPase-
treated KG-1 cells remained attached to the GST-CS-1-coated
substrata after washing. This result suggests another mechanism
for the regulation of cell adhesion other than direct inhibition by
sialomucin domains. To better understand the integrin-mediated
adhesion of OSGEPase-treated KG-1 cells, adherent cells in GST-

CS-1-coated glass chambers were investigated by fluorescence
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microscopy. As shown in Figure 6C, microvillus protrusions
were observed at attachment sites to the substrata. Moreover, the
area covered by each attached cell at the attachment phase was
the same or less than the area at the middle phase, indicating that
these attached KG-1 cells were not spread on the coated substrata.
These data indicate that OSGEPase treatment is not sufficient for
the collapse of microvilli, alteration of the spherical cell shape,
and spreading of KG-1 cells. Moreover, interactions between
GST-CS-1 and a4f1 integrin did not cause either the collapse
of micorvilli or cell spreading. Given the rather weak attachment
of OSGEPase-treated KG-1 cells to GST-CS-1-coated substrata,
the collapse of microvilli and cell spreading may be important to
establish strong cell adhesion. Therefore, the spherical cell shape
and cell surface microvilli themselves function as regulators of
cell adhesion.

Discussion

In this study, we have demonstrated that CD34, a leukocyte
surface sialomucin and marker for HPCs and HSCs, has simi-
lar functions as those of CD43 when expressed in HEK293T
cells. Expression of CD34 induced augmentation of microvilli,
a switch from a polarized to spherical shape, and phosphoryla-
tion of ERM proteins. Integrin-mediated cell re-attachment was
also inhibited in CD34-HEK293T cells. The cell shape and lack
of cell adhesion of CD34+ blood cells and KG-1 cells, which
express endogenous CD34, were consistent with the phenotypes
of CD34-HEK293T cells. Treatment with OSGEPase resulted
in augmented integrin-mediated KG-1 cell attachment to the
substrata. Although other sialomucins can be also cleaved by
OSGEPase, CD34 is abundantly expressed in KG-1 cells, and
its mucin domain is cleaved off by OSGEPase. Thus, CD34 can
be involved in the formation and/or maintenance of spherical
cell morphology with microvilli and regulates integrin-mediated
adhesion CD34+ cells. Then, how are these phenomena related
each other?

We would like to start with a potential cause of cell shape
alterations by CD34. Similar to CD43, CD34 augmented phos-
phorylation of ERM proteins. Recent studies have demonstrated
that phosphorylated ERM proteins are essential for rounding
of cells during mitosis.*>** Actin cortex is observed just under
the plasma membrane in spherical cells, which is essential for
the formation and maintenance of round cell shape. In addi-
tion, phosphorylated and activated ERM proteins function
as a linker between the membrane component and actin cyto-
skeleton.'®® Thus, ERM proteins and their phosphorylation
are critical elements for the formation and/or maintenance of a
spherical cell shape during mitosis. In addition to mitotic cells,
circulating lymphocytes and other leukocytes are spherical and
relatively rigid. The spherical shape of leukocytes is also main-
tained by phosphorylated ERM proteins and an actin cortex.*
Furthermore, phosphorylated ERM proteins and actin filaments
are localized at microvilli.’®” Antisense oligonucleotides against
ERM expression perturb microvilli,”” indicating that ERM
proteins are essential for microvillus formation and/or mainte-
nance. Thus, phosphorylated ERM proteins are essential for cell

430 Cell Adhesion & Migration

f-actin merge

B CD34

merge

-~

f
merge

f-actin

B1-integrin

f-actin

Figure 5. CD34 is localized at microvilli in KG-1 cells. (A) Electron mi-
croscopy of KG-1 cells. Scanning electron micrograph (a) and ultrathin
section electron micrograph (b) of KG-1 cells. KG-1 cells were covered
with numerous microvilli. Arrows indicate parallel filamentous actin.
Scale bars: 2 um (a), 500 nm (b), and 125 nm (inset). (B) Subcellular
localization of CD34 in KG-1 cells. KG-1 cells were double stained with
anti-CD34 (a), anti-ezrin (d), or anti-B1-integrin antibody (g) and phal-
loidin (b, e, and h). Merged images (c, f, and i). Scale bars: 10 wm.

rounding and microvillus formation. Our findings of phosphory-
lated ERM proteins in microvilli and at the surface of spherical
CD34-HEK293T and CD34+ KG-1 cells are consistent with
these previous reports.

Then, how does CD34 induce ERM phosphorylation? We
have previously reported induction of ERM phosphorylation as
a result of cell detachment either by expression of CD43 or by
keeping cells switling in BSA-coated dish after trypsinization.!
Like CD43, CD34 was reported as an inhibitor of cell adhe-
sion,'” and expression of CD34 inhibited integrin-mediated
HEK293T cell re-attachment (Fig. 3). Therefore, it is conceiv-
able that CD34 induces ERM phosphorylation via inhibition
of cell adhesion. Then, how does CD34 inhibit cell adhesion?
CD34 has a highly O-glycosylated region in the N-terminal of
its extracellular domain. In fact, a much thicker glycocalyx was
observed in CD34-HEK293T cells than that in Vector trans-
fectants (Fig. 2C), indicating augmented glycosylation on the
surface of CD34-HEK293T cells. Cleavage of sialomucin by
OSGEPase also augmented integrin-mediated adhesion of KG-1
cells (Fig. 6A) and in CD34-a4-HEK293T cells (data not
shown). Taken together, these findings strongly suggest that large
numbers of hydroxyl and carboxyl groups on the O-glycosylated
region of CD34 affect other membrane proteins and/or modify
the characteristics of the cell membrane to inhibit integrin-medi-
ated cell adhesion.

Meanwhile, the function of CD34 as an anchor for ERM pro-
teins remains unclear. Phosphorylated ERM proteins bind directly
to the cytoplasmic domain of CD43,%® and bind indirectly to that
of podocalyxin, a CD34 family protein, via an interaction with
another cytoplasmic protein, NHERF2.>' However, CD34
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Figure 6. Effect of OSGEPase treatment on integrin-mediated adhesion of KG-1 cells. (A) Numbers of unattached KG-1 cells in GST-CS1-coated wells.
KG-1 cells were treated with or without OSGEPase for 30 min. Cells were incubated in tissue culture plates coated with GST or GST-CS1, washed, and
then the numbers of unattached cells were counted. (B) Flow cytometric analysis of OSGEPase-treated and untreated KG-1 cells. Cells were double
immunostained with fluorophore-labeled anti-CD34 antibodies, 581 (PE) and QBEnd10 (FITC). OSGEPase treatment reduced QBEnd10 on KG-1 cells. (C)
Phalloidin staining of KG-1 cells. OSGEPase-treated KG-1 cells were attached to GST-CS-1-coated glass chamber, fixed, permeabilized, and then stained
with phalloidin. Images of attachment, middle, and top phases are shown. Scale bar: 1.25 pm.

does not bind to ERM proteins or NHERF family members.>"”
Thus, no mechanism as a membrane anchor for phosphorylated
ERM proteins has been established for CD34. However, because
CD34 is localized at microvilli and the surface of spherical cells,
it is reasonable to assume that CD34 functions as a membrane
anchor for ERM proteins. Expression of human CD34 transcrip-
tion variant 2, which has a different cytoplasmic tail from that
of variant 1, caused similar phenomena in HEK293T cells (data
not shown). Therefore, we believe the linkage to ERM proteins is
within the common juxtamembrane sequence in the cytoplasmic
domain or within extracellular-transmembrane domains.

Lastly, what is the potential function of microvilli and a
spherical cell shape in regulation of cell adhesion? OSGEPase
treatment augmented the attachment of many KG-1 cells to
GST-CS1-coated substrata. However, the cell attachment was
weak because sequential washing gradually washed out the cells.
In addition, OSGEPase-treated KG-1 cells attached to GST-CS-
1-coated or poly-I-lysine (PLL)-coated substrata maintained a
spherical shape and cell surface microvilli, and did not spread on
the substrata (Fig. 6C and data not shown). These findings indi-
cate that (1) cleavage of sialomucins including the N-terminal
sialomucin domain of CD34 does not induce microvillus collapse
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or alteration of the spherical shape of KG-1 cells at least over a few
hours. (2) a4B1 integrin on the surface of KG-1 cells is active and
can interact with its ligand, GST-CS1. (3) This integrin-ligand
interaction does not induce a cell shape alteration and is not suffi-
cient to support stable cell adhesion. Although it requires further
study, our hypothesis for this limited cell adhesion is as follows.
The spherical shape and surface microvilli of KG-1 cells restrict
the attachment sites to a small area. Only limited numbers of
adhesion molecules such as a4B1 integrin are exposed to the sub-
strata because of the restriction of the attachment area. Because
the number of adhesion molecules attached to the substrata is
limited, cell adhesion to the substrata is vulnerable. If this is true,
the spherical cell shape and microvilli themselves are the ele-
ments that regulate cell adhesion. For release from this regulation
and formation of stable adhesion, alteration of the spherical cell
shape and cell surface microvilli may be essential. Brown et al.
reported microvillus collapse by stromal-derived factor-1 (SDF-

? suggesting that chemokines

1) in peripheral T lymphocytes,?
regulate cell shape. Taken together, these findings indicate a two-
step mechanism for leukocyte adhesion, restructuring of the cell
shape by chemokines, and then cell adhesion with spreading via

adhesion molecule-ligand interactions.
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Then, what can we infer as the functions of CD34 in HPCs
and HSCs based on our findings? Cell adhesion, homing, and
trafficking are all critical for HPCs and HSCs. Expression of
CD34 alone inhibits integrin-mediated cell adhesion directly or
indirectly via formation and/or maintenance of a spherical cell
shape and cell surface microvilli. Considering the circulation of
leukocytes, CD34 directly or indirectly inhibits cell adhesion of
HPCs and HSCs with other blood cells and endothelial cells,
while the spherical cell shape may promote HPC/HSC survival
in the hemodynamic rigors of circulation. Furthermore, restruc-
turing of the cytoskeleton and cell shape may be essential for
stable cell adhesion such as that in the niche or during extravasa-
tion. It has been reported that the SDF-1-CXCR4 interaction is
the major regulatory element for the trafficking, retention, and
adhesion of HSCs and HPCs.?**' Taken together with the effect
of SDF-1 on microvillus collapse of lymphocytes,** alterations
of HPC/HSC morphology can be caused by the SDF-1-CXCR4
interaction. Thus, cell adhesion of HPCs and HSCs may be regu-
lated by cell shape, and CD34 might play significant roles in the

formation and/or maintenance of cell shape and adhesion.
Materials and Methods

Cells and reagents.

KG-1, HEK293T, and bone marrow CD34+ cells were pur-
chased from RIKEN BioResource Center or Lonza. Cord blood
CD34+ cells were purified with a CD34+ MicroBead kit (Miltenyi
Biotec) from cord blood samples that were obtained from full-
term deliveries according to the institutional guidelines approved
by the Tokai University Committee on Clinical Investigation.
HEK293T and KG-1 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) and RPMI 1640, respectively,
supplemented with 10% fetal calf serum (FCS). PLL, puro-
mycin, paraformaldehyde, bovine serum albumin (BSA), and
TRITC-labeled phalloidin were obtained from Sigma. Mowiol
4-88 Reagent was obtained from CALBIOCHEM. OSGEPase
was purchased from CEDARLANE Laboratories. Anti-CD34
(clone 581), anti-P1 integrin (MAR4), and anti-Ezrin (clone 18)
antibodies were obtained from BD Biosciences. Anti-p-ERM
and anti-ERM antibodies were purchased from Cell Signaling
Technologies. An anti-CD34 (QBEnd10) antibody was obtained
from Santa Cruz Biotechnology. Alexa Fluor 488-labeled goat
anti-mouse IgG was purchased from Invitrogen.

Plasmids and transfection.

The retroviral expression vector pCpuroCMVS and the
expression vector with the myristoylation site of ¢-Src, pJ3SrcMS,
have been described previously.! Human ¢434 transcription vari-
ant 1 cDNA was cloned by RT-PCR, fused to DNA fragments
of EGFP or mCherry (Clontech) at the CD34 C terminus, and
subcloned into pCpuroCMVS. Establishment of a4-HEK293T
cells has been described previously.! Expression vectors were
transfected with Lipofectamine 2000 (Invitrogen). pGEX-CS1
was a kind gift from Dr Kenjiro Kamiguchi.*
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Electron and immunofluorescence microscopy.

Scanning and ultrathin section electron microscopy were pre-
formed as described previously.!

For immunofluorescence microscopy, cells grown on glass
coverslips were fixed with 4% paraformaldehyde in PBS for
10 min at room temperature, washed three times with PBS,
permeabilized with 0.2% Triton X-100 in PBS for 5 min, and
then washed three times with PBS. After blocking with 1%
BSA in PBS for 10 min, samples were incubated with primary
antibodies for 1 h, washed three times with PBS, incubated
with the secondary antibody for 30 min, and then washed three
times with PBS. After mounting with Mowiol 4-88, specimens
were observed under a fluorescence microscope (IX70 or IX71;
OLYMPUS).

Cell adhesion assays.

For the adhesion assay of HEK293T transfectants, tissue cul-
ture plates were coated with either 10 pg/ml GST or GST-CS1 in
PBS at 37 °C for 3 h, washed three times with PBS, blocked with
PBS containing 1% BSA, and then washed three times with PBS.
HEK293T transfectants were harvested, washed, re-suspended
in DMEM, and plated onto the coated plates. After incubation at
37 °C for 30 min in a CO, incubator, the cells were washed three
times with DMEM and images were captured of the bound cells.

For OSGEPase treatment, 1 x 10° KG-1 cells were incubated
with 36 g OSGEPase in 0.5 ml RPMI 1640 at 37 °C in a CO,
incubator for 30 min. Then, the cells were incubated in coated
tissue culture plates in RPMI 1640 supplemented with FCS at
37 °C for 30 min, and then unbound cells were collected and
counted. For immunohistochemistry, OSGEPase-treated KG-1
cells were incubated in GST-CS1-coated glass chambers (AGC
Techno Glass Co., Ltd.).

Immunoblotting.

HEK293T cells and transfectants were washed with PBS, lysed
in 1% Nonidet-P40 lysis buffer, and then subjected to immunob-
lot analysis as described previously."! After the first immunoblot-
ting with an anti-phospho-ERM antibody, the membranes were
stripped with WB Stripping Solution (Nacalai Tesque, Inc.), re-
blocked, and then re-analyzed with an anti-ERM antibody.

Flow cytometry.

HEK293T transfectants were washed with RPMI 1640 and
fixed with 0.5% paraformaldehyde in PBS. Cells were analyzed
by a FACSCanto II (BD Biosciences).
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